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ABSTRACT: A plan is presentedfor thepossiblecommercializationof theProject Integration Architecture (PIA) tech-
nology. The proposedschemecenters around an open-source, freeware distribution of the generic, core integration
technology, perhapsunderthe auspicesof a multi-party, multi-sectorstandards group. Revenuestreamswould derive
fromservicesperhipheral to thatcoreincludingservice/support,expertise/training, generictools,provisionof conformant
wrappers to applicationsof broadappeal,andprovisionof servedapplicationsover theglobal internet.

1 Intr oduction

1.1 History

In the late 1980’s, the IntegratedCFD and Experiments
(ICE) project[1, 2] wascarriedoutwith thegoalof provid-
ing a single,graphicaluserinterface(GUI) anddataman-
agementenvironmentfor a variety of CFD codesandre-
latedexperimentaldata.Theintentof theICE projectwas
to easethedifficultiesof interactingwith andintermingling
thesedisparateinformationsources.Theprojectwasasuc-
cessonaresearchbasis;however, onreview it wasdeemed
inappropriate,due to varioustechnicallimitations, to ad-
vancetheeffort beyondthesuccessesachieved.

A re-engineeringof the projectwas initiated in 1996[3].
The effort wasfirst renamedthe Portable,RedesignedIn-
tegratedCFD andExperments(PRICE)projectandthen,
asthewideapplicabilityof theconceptscameto beappre-
ciated,the ProjectIntegrationArchitecture(PIA) project.
Theprovisionof aGUI asaprojectproductwaseliminated
andattentionwasfocuseduponthe applicationwrapping
andintegrationarchitecture.During theinterveningyears,
work hasproceededandan operationaldemonstrationof
the PIA projectin a C++, single-machineimplementation
hasbeenachieved.

1.2 KeyContributions

ThePIA technologyprovidesanumberof benefits.Among
themoresignificantarethefollowing.

1. Completeengineeringprocesscaptureis possibleto
theextentdesired.

(a) A completederivationalhistoryof every project
configurationinvestigatedcanbecaptured,pro-
ducinganauditabletrail from final designback
to initial guess.

(b) Technologist’s journals,notes,andthe like can
be captured,allowing the recordof thinking to
be retrievablein the context of the harddataof
theproject.

2. Integrationof applicationsinto a functionalwhole is
possible,allowing for the complex analysisof entire
systems.

3. Rigourousdesignconfigurationsynchronizationis en-
forced,eliminatingmis-matchedanalysesbetweenin-
tegratedapplications.

4. The classicn-squared integration problemis solved
throughtheuseof semantically-definedparameters.
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5. Dimensionalunit confusionis eliminatedby encap-
sulatingin parametersa self-knowledgeof their own
dimensionality.

6. Quality values(good, bad, and, potentially, a range
in between)arecapturedallowing baddataor designs
to beretainedin therecordwithout concernthat they
mightbeinadvertantlyrelieduponasbeinggood.

7. Applicationintegrationis achievedwithout theneces-
sity of re-codingthoseapplicationsto the standard.
The wrapping natureof the architecturedecouples
commitmentto theintegrationstandardfrom thecap-
ital assetsof thewrappedapplications.

8. The wrappingnatureof the architecturealso allows
for multiplewrappersto thesameapplication.Among
otherthings,wrappersappropriateto theskill level of
varioususersmightbedeveloped.

1.3 TechnologyTransfer

As with many researchtechnologies,the PIA projectcan
contribute to the greatergood in two generalways: first,
through a demonstrationof techniques,methods, pro-
cesses,andthelike thatcanbetransferred,philosophically
or literally, to otherareas,andsecond,throughthe direct
migrationof thetechnologyasa wholefrom a researchef-
fort to a commercialproduct in its own right. Over the
courseof pasteffort, PIA hasindeedcontributedin thefor-
mer manner. It now remainsto examineif and how the
developedtechnologymightmakethesecondform of tran-
sition to a commercialproduct.

2 BasicConcepts

Theassertionthatformsthefoundationof thecommercial-
izationplanbeingproposedis thatPIA is,atitsheart,anap-
plication integrationstandard.PIA is somethingto which
applicationwrappersbaseduponits technologyconform.
In beinga standard,this then implies that morethanone
partydesiresto conformto it in orderto obtainthebenefits
of standardization.

It is furtherproposedthatrevenuesderivefrom thebenefits
deliveredto thecustomer. It is in conformanceto thestan-
dard,ratherthanin thestandarditself, thatthetruebenefits
derive and,thus,the sourceof revenueis identified. Fol-
lowing thislogic, thePIA technology, beingastandard,and
its implementation,is not therevenuesource.Rather, it is
in productsthatconformto andsupportthePIA technology
standardthattheprimaryrevenuestreamis to befound.

As a parallel,considertheIBM PCindustry. It is asserted
thattheIBM PCarchitectureitself is not thesourceof rev-
enuesin this industry. Instead,it is theconformanceof the
productsof variousvendorsto that architecturethat pro-
ducesthe revenue. This canbe inferred if oneconsiders
that thesuccessof that industryis, in all probablity, inde-
pendentof the computerarchitectureselected.Had Digi-
tal EquipmentCorporationplacedtheVAX architecturein
a similar, open-technologyposture,the PC industrymost
probablywouldhavesucceededequallyby puttinggeneric,
compatibleVAXes in desktopboxes.

As a further reflection upon the location of value in a
“standard-based”product, considerthe various incarna-
tionsof computersfrom Apple Computer, Inc. This is an
exampleof a single-party“standard”. It is assertedthat
the product,while certainly popular, consistentlyfails to
thrivebecauseApple,throughits marketingstrategy which
excludesclones,attemptsto derive its revenuesfrom the
excellenceof its standardratherthanfrom thewide-spread
conformanceto its standard.

3 Commercialization

3.1 CoreTechnology

Given the above basicarguments,it is proposedthat the
PIA coretechnologyandimplementationbe commercial-
izedby supplyingit asopen-sourcefreeware. It is further
proposedthat someform of technologygoverning body
be setup, for exampleasa standardselementof the Ob-
ject ManagementGroup(OMG), whoseCommonObject
RequestBroker Architecture(CORBA) is forming theba-
sicimplementationtechnologyof thenet-distributedimple-
mentationof PIA.

3.1.1 Negative Indicators

The following concernsarisewhenconsideringthe above
proposal.

1. Thetendency of theGovernmentof theUnitedStates
is to seekcompensationfor technologydevelopedat
public expensewhenit is deliveredto theprivatesec-
tor for profit-generatingapplication.Whetherthisten-
dency canbeovercomein a timely manneris opento
question.

2. TheGovernmenttendsto regardsoftwareaskey, con-
trolled technology. Making any significant,currently
relevant softwarepublically availableasopen-source
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freewareis contraryto theGovernment’s default per-
ceptionsof its vital interests.

3. When the Governmentdoesreleasetechnology, its
preferenceis to releaseit, if not exclusively, at least
first for asignificantperiodof timeto its own,national
interests.Again, releaseof softwareto theinternation
communityover the global internetis perceived, by
default,ascontraryto theGovernment’s interests.

4. The Governmentis hesitantto releasesoftware or
other technologiesthat may incur a liability should
malfunctionsoccur.

5. Theestablishmentof astandardthroughapublicbody
suchasOMG is a lengthy process.Additionally, such
standardizationprocessesmay result in adjustments
to the standardwhich may or may not be entirely in
keepingwith the original technologicalintent of the
effort.

6. Establishmentof a technologystandardopensthat
technologyup to standards-busting efforts by those
interestsopposedto the standard. The exampleof
SunSoft/Java and MicroSoft, Inc., comeimmediatly
to mind.

3.1.2 Positive Indicators

Positive factorsassociatedwith an open-source,freeware
commercializationof thePIA coretechnologiesalsoexist.

1. Open-sourcefreewaretypically providesa very large,
virtually zero-costdebuggingandvalidationresource.
Often,corrective measuresaresuggestedor provided
with thereportsof softwaredefects.

2. Since PIA was first mentionedas a possibility for
commercialization,severalpartieshave inquiredinto
theopportunitiesavailable.Theopen-sourcefreeware
selectionallows all interestedpartiesto participatein
theeffort. Additionally, individualpartiesmightagree
on a distribution of productsectorsin a cooperative
whole so asto minimize individual risk while maxi-
mizingcommercializedimpact.

3. Theopen-sourcefreewareapproachassurescustomers
of multiplevendorsfor neededservicesandproducts.
This removestwo fears:first, of exhorbitantprice in-
creasesonceanirrevocablecommitmentis madeand
second,of dependenceupon the continuedsuccess
of a selectedvendor. Elimination of theseconcerns
improves the likelyhoodof standards/productaccep-
tance.

4. The public standardsprocessassurescustomersthat
changewill beslow andcarefullyconsidered.Further,
it givescustomerswith vital interestsan opportunity
to participatein thatprocess.

5. Theopen-sourcefreeware,public standardsapproach
allowsmany discipline-specificexpertpartiesto bein-
cludedin theprocess.This is akey elementof PIA ar-
chitecturecommercializationsincethe existing work
is only skeletalin its implementationof semantically-
infusedparameterlibraries.

3.2 Perhipheral Productsand Services

As mentionedpreviously, theproposedcommercialization
modelsupposesthat revenuesarederived from the provi-
sionof productsandservicesthatenableconformanceto a
standardand,thus,thederivationof benefitto thecustomer.
Thefollowing revenue/benefitareasareimmediatelyfore-
seen.

3.2.1 Servicesand Support

As in the mannerof Linux (perhapsthe mostnotableex-
ampleof open-sourcefreeware)andits supportingcorpo-
rations,a certainamountof businessmaybedonein basic
service/supportoperationsfor PIA in the form of printed
manuals,physicaldistribution media,installationservices,
platformsupport,server configuration,sales,andinstalla-
tion asa group,applicationserver administration,andthe
like. Despitethe open-sourcefreewarefoundation,it is a
demonstratedfact that many customerswill preferto out-
sourcesuchbasicoperations.

3.2.2 Expertiseand Training

Perhapsrepresentinga higher layer of the servicesand
supportspectrum,expertise(consulting)andtraining will
probably representa substantialportion of the revenue
stream. Despite the supposedintuitive, organic na-
ture of the PIA architecture, the technology is, as a
whole, somewhat more than mildly complex. The self-
revealing,object-orientedapplicationarchitecture,object-
orientedprogrammingtechnologyitself, andCORBA net-
distributedobjectimplementationtechnologyseemtocom-
bineinto a ratherformidablemaze,evenbeforediscipline-
specificsemanticsaremixedinto thepot. Thus,themarket
for the provision of expertiseandtraining shouldbe con-
siderable.

Thefollowing expertiseareasareimmediatelyforeseenfor
bothconsultingandtraining.
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1. BasicPIA technology. This includesfundamentalsof
thearchitecturesuchasself-revelation,semanticinfu-
sion, identificationof parameters,operationalencap-
sulation,generationof auditableproject trails, orga-
nizationof informationwithin thearchitecture,inter-
applicationinformation propagation, event notifica-
tion, qualitycontrolinformation,andthelike.

2. Generalwrapperdesignstrategies. This includesall
aspectsof integratingagivenapplicationinto thePIA
standard.Areasof interestincluderead-onlyinforma-
tion sources(experimentaldata,dataarchives, most
CAD systems,andthelike),value-addedapplications
(analysis,design,simulationcodes,andthelike),and
consuming,distilation applications(objective func-
tion generatorsandthelike).

3. Inter-applicationintegration. Thearrangementof ap-
plicationsinto adirected,applicationgraphfor overall
systemanalysisthroughPIA techologycanbe a sig-
nificant,andasyetminimally explored,topic.

4. Discipline-specificparameterlibrary support.Oneof
thekey elementsof PIA technologyis theinfusionof
semanticmeaninginto parameterobjects.This tech-
nologyhasonly beenoutlinedin thepresentresearch
effort; however, for practical,commercialapplication
a greatdealof effort will have to beexpendedin fill-
ing out thevastsupplyof engineeringparametersand
providing expertiseontheprecisemeaninganduseof
thoseparameters.

5. Statisticalcharacterizationandoptimizationcapabili-
ties.Thefinal goalof PIA integrationis, of course,to
produceonefinal, overall judgementas to the merit
of a given configurationof a project. Methodsfor
taking that judgementandproducingeithera design
refinementor a terminaldecisionwill probablybeof
the greatestcomplexity andwill, thus,be a expertise
productfocus.

All of theabove expertiseareaswill alsoprovide business
opportunitiesfor booksandotherlearning/trainingrelated
materials. The revenuestreamsto be derived from such
materialsshouldnot be belittled. Thosein doubtof this
needonly visit thecomputersectionof their local Borders
or BarnesandNoblebookstores.

3.2.3 Browser/Search EngineProducts

As noted in the introduction, PIA abandonedthe
browser/GUIasaproductelementsometimeago.TheGUI
thatpresentlyexists is a research/debuggingtool only and
is notintendedfor distribution. Further, asearchenginehas

neverbeenpartof thePIA effort, dispitethefactthatanau-
tomatedtool for seekingoutspecificinformationformshas
alwaysbeenexpected.

Thus,thesetwo areasareclear, competitivesoftwareprod-
uct areas. In particular, the provision of GUI’s with dif-
ferent,discipline-focusedcapabilitiesseemsasafeareafor
commercialcompetitionthataddsvalueto theoverallmar-
ketplacewithout any reasonablepotentialfor harmingthe
architecturalapplicationstandard.

Note that the PIA architecturehasnot, as yet, embraced
informationvisualizationasa partof theparameterobject
structure. This hasbeenconsidered(that is, it hasbeen
proposedthatall parameterobjectsrespondto aDisplayY-
ourself command);however, at this time thatfunctionality
is consideredto bea properpartof theGUI, not of theap-
plicationwrapper.

3.2.4 Workbench Tools

Also completelyuntreatedby the presentPIA effort are
workbenchtools to facilitate the constructionof applica-
tion wrappers.Again, this representsan areafor compet-
itive softwareproductdevelopmentwhich is not expected
to harmtheintegrity of theapplicationarchitecture.

3.2.5 Discipline-SpecificProducts

As mentionedin the expertise section, the formulation
of discipline-specific,semantically-infusedparameterli-
brariesis akey elementof thePIA projectthathas,to date,
only beentreatedin a skeletal,expositionalmanner. The
definitionandimplementationof theselibrariesrepresents
a mix-and-matchsoftware productareafrom which ven-
dorsfrom differentdisciplineareasmayderive revenue.

Note,though,that in this areahead-to-headcompetitionis
not exactly a goodthing. Discipline areasmustagreeon
standardsfor thesemanticandfunctionalcontentof imple-
mentedparameters.Variationor overlap in encapsulated
informationwill bethekissof deathon thesolutionto the
n-squaredapplicationintegrationproblem.Actual cooper-
ationto assurethatparameterchallengeswithin adiscipline
areonly solvedonceareessential.

3.2.6 PackagedApplication Products

The PIA technologyintends to enablea plug-and-play,
mix-and-matchapplicationintegration environment. To
theextentthatstandardizationdisciplineandthestandard-
ized technologyachieves this goal, a significant market
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for pre-wrapped,PIA-conformantapplicationswill been-
abled.Thiswill allow customersto pick analysispackages
from themarketplaceasneededanddroptheminto his in-
dividual, technology-systempuzzle.

The delivery of pre-wrappedapplicationpackagesis seen
astheprincipaloperationalmodefor customerswho wish
to conductconfidential(in abusinesssense),in-houseanal-
ysisof theirproductsystems.

3.2.7 ServedApplication Products

Extendingthe conceptof packagedapplicationproducts,
it is expectedthata new modeof net-availableapplication
serviceswill result from widespreaduseof standardized
PIA technology. In this modewrappedapplicationsare
providednot in physical,shrink-wrappedcardboardboxes,
but throughglobal-net-accessibleservers. Suitablecredit
arrangementscanbemadeto derive revenuefrom theuse
of proprietaryapplicationproducts.

Consumersof suchserviceswill beableto useeithersingly
or in combination(supposedly)expertanalysisapplications
from differentvendorsto meettheuniquerequirementsof
their own productsystemwithout the needto physically
obtain,maintain,update,license,etc.,etc.,theneededsoft-
wareproducts.Additionally, theprovidersof suchapplica-
tion servicesneednever let their proprietary, competitive-
advantagesoftwareoutsideof theboundsof theirown fire-
walls. The ability to sell the servicesof a softwareappli-
cationwithout releasingthecodeof thatapplicationis en-
abled.

3.2.8 Served Information Resources

The useof engineeringdatabases,either throughshrink-
wrappeddelivery or throughnet-accessibleserversis fur-
ther enabledby PIA technology. On-line databasesal-
readyexist; however, thesedatabasesare limited by the
fact that thesemanticsof their contentis not expressedin
a machine-interprettableform. By presentingsuchinfor-
mationthroughPIA technology, suchinformationcanbe
incorporatedinto systemanalysisjustasotherapplications
are.

For example,a facility having archivesof flow-field data
presentedthroughPIA technologycanhavethatdataincor-
poratedasthestartingpointfor flow fieldanalysiscodesan-
alyzingproblemsof similar characteristicssimply by con-
nectingtheexperimentaldata“application” into theappli-
cationgraph.

4 UnansweredQuestions

The open-sourcefreeware commercializationmodel sim-
ply assumesthat the vastbody of CORBA-implemented,
generic PIA code will materialize fortuitously out of
nowhere. Finding a funding sourcefor suchan altruistic
act is unlikely. Eventually, the Government’s PIA effort
may provide the expectedcodeand documentation(pro-
vided we aren’t zeroed-outfirst) but whetherthis will be
timely or not remainsto beseen.
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